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Abstract 
The purpose of the paper is to point to usability of data envelopment analysis (DEA) for technical efficiency assessment of bank 
branches. The paper addresses the issue of choosing a technical efficiency measure most comprehensive and informative and 
makes a comparison between the Pareto-Koopmans measure and the hyperbolic Debreu-Farrell measure. By way of both 
theoretical argumentation and empirical demonstration, the paper shows that technical efficiency measurement in DEA should be 
based on non-radial measures rather than radial measures that are conventionally used in DEA applications. In addition, the paper 
justifies the choice of a specific DEA model suitable for technical efficiency measurement of bank branches. 
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1. Introduction 
The global financial crisis that commenced in 2008 have changed the principles on which banking is founded and 
has affected all subjects participating in the banking industry, i.e. governments, regulators, banking associations, 
shareholders of banks, their management and customers. Whilst before the financial and economic crisis banking 
business had been exposed to constant pressure of globalization and had had to face fierce competition of non-
banking institutions, the crisis brought about new challenges into banking business both at the macro-level and at the 
micro-level. In effect, banking international regulation have been tightened and commercial banks have been 
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weighted down with new requirements on liquidity and capital. In addition to changes in the macro-economic 
environment, the changes in the micro-economic framework of banking enterprise have been associated with more 
intense competition from entrepreneurial subjects that escape banking regulation and extra bank levies and are thus 
at an advantage. There has been an outflow of retail customers from banks to non-banking financial institutions, 
large retail chains or atypical providers of substitute banking services (such as telecommunication companies) for 
short-term and medium-term refinancing needs. These factors force commercial banks to pay more attention to 
rationalization of their resources and move them more towards higher efficiency, which is desired not only at the 
level of commercial banks as such but also at the level of their branches. In recognition of the latter and in 
consideration of the fact that in Europe bank branches continue to be the main place in which financial services are 
offered to, and provided for, customers by commercial banks, the paper focuses upon efficiency of bank branches. 
Moreover, efficiency investigation of bank branches is not an end in itself as the efficiency of individual branches of 
the commercial bank has a decisive and dominant share on the efficiency of the commercial bank as a whole.  
With the genuine data at the branches of a Slovak commercial bank and having full support of the bank’s 
management, the original purpose of this paper is to point to usability of data envelopment analysis (DEA) for 
technical efficiency assessment of bank branches. Although the paper emerged in an attempt to promote data 
envelopment analysis (DEA) in measuring and assessing technical efficiency of bank branches, its contribution in 
this field is related to a practical issue of choosing an appropriate and most comprehensive measure of technical 
efficiency. In this regard, the paper shows that technical efficiency measurement in DEA should be based on non-
radial measures rather than radial measures that are – with some rare exceptions – used by default in DEA 
applications (at least in the area of banking, see e.g. Paradi and Zhu, 2013, pp. 70-77). In terms of DEA, the 
preference either towards non-radial measures or towards radial ones depends upon the treatment of non-radial 
slacks (reserves) that arise in production and upon whether they are recognized or ignored. Omission of slacks from 
efficiency calculation, as it happens, overestimates efficiency measures and render them somewhat unrealistic, 
which is perhaps not advisable for use in practice. In economic terms, the distinction between non-radial and radial 
measures relates to whether one uses the stringent definition of technical efficiency as recognized by Pareto and 
Koopmans or one favours the looser characterization due to Farrell or Debreu. 
With attention given to technical efficiency measurement of bank branches, the paper draws a well-marked 
distinction between non-radial and radial measures of technical efficiency and gives a justification why non-radial 
measures are specifically more fit for the sake of technical efficiency than radial ones. This posits the original value 
added to the paper since – to the best knowledge of the authors – defense of non-radial measures against radial ones 
have not been part of any published research in banking efficiency. 
After this introductory presentation, the paper continues by three core sections and ends with a separate 
concluding section. The ensuing two sections provide the methodological basis for application of DEA to measuring 
technical efficiency of bank branches of a Slovak commercial bank. In the definition of bank branch production, the 
so-called production approach to banking enterprise is adopted under which bank branches are viewed as production 
facilities whose main function is to provide services for their customers (especially by accepting deposits and 
making loans). Whilst Section 2 gives an economic background into DEA-based performance measurement in 
banking at the branch level, Section 3 presents technicalities of the DEA-based methodology applied in the paper. 
Finally, Section 4 is both a case study of technical efficiency assessment of bank branches and a demonstration of 
the issues covered in the paper. 
2. Economic aspects of bank branch efficiency assessment 
The source of revenues of banking production are particularly services provided by commercial banks in the area 
of retail banking, corporate banking as well as investment banking. There are two different main stream approaches 
that are applied in interpreting the role of commercial banks and utilized in explaining the essence of production of 
commercial banks and their branches which enter into open conflict. The production approach was proposed by 
Benston (1965) whilst the intermediation approach was rationalized by Sealy & Lindley (1977). The details on these 
two approaches, their common traits and notable differences may be found in the overview by Ahn & Le (2014).  
From among these two approaches, the production approach is applied here in the paper in a case study of a retail 
branch network of one Slovak commercial bank whose senior managers were disposed to disclose data on individual 
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branches for research purposes. The way how this Slovak commercial bank views the role of its branches was 
discussed with its senior management and it was agreed upon that the production approach is most appropriate to 
capture the essential features of their operations. Under this approach a branch of the bank is characterized as a point 
of sale providing a complex palette of banking services for customer who either intend to invest their free funds, or 
come with the aim of borrowing funds to finance their needs, or alternatively are interested in other financial 
services (such as financial transfers, foreign currency exchange, insurance or financial advice). The senior managers 
also indicated a selective set of input and output variables that determine and outline the very production of the 
bank’s branches. The selectivity of inputs and outputs originated from the requirement of the bank’s managers to 
implement in technical efficiency measurement only those production variables which are actually controllable by 
individual bank branch managers and are not decided at the top level. This suggest that efficiency measurement 
identifies bank branch efficiency with managerial efficiency of bank branch managers. Still, this relation is 
considered with disregard to the influence of the environment, or environmental variables. 
The variables that were selected in the paper for technical efficiency measurement are declared in Section 4. 
3. Technical aspects of bank branch efficiency assessment and methodological notes 
Some notational convention is needful before stating the principle of the method and expositing the approach. 
Hence, in what follows the symbol k denotes the k-dimensional Euclidean space and the symbol +k stands for the 
space of all k-dimensional non-negative vectors in k. Comparisons indicated by symbols ‘<’, ‘’, ‘>’ and ‘’ used 
in conjunction with vectors are meant elementwise and a similar convention applies for elementwise vector 
multiplication or division, indicated by ‘ ’ and ‘ y ’. Under this set-up it is assumed that the production technology 
of commercial banks transmutes m inputs into s outputs and results in production activities [x,y], where x is an input 
vector and y is an output vector associated with x. All production quantities are assumed to be non-negative (i.e. 
x  +m and y  +m) and outputs desirable. The production possibility set contains all feasible production activities 
and is denoted here by the symbol ;. The production law obeys the traditional and well-established axioms of 
production, which are summarized e.g. by Kumbhakar and Lovell (2000, p. 19) or by Färe et al. (1985, p. 46). 
Though production activities in ; are feasible, they need not be achieved with economic allocation of resources and 
need not be optimal from several points of view. Sometimes it is possible to produce the same volume of outputs at 
a lower consumption of inputs, or conversely, to utilize the same level of inputs in production of a higher volume of 
outputs. The maximum attainable production activities (of course, this “maximum” attainability is treated in some 
sense) form the boundary of the production possibility set, and production activities lying on this boundary are 
called technically efficient. Neglecting prices (of both inputs and outputs), for this paper two subsets of ; are of 
significance, the production possibility frontier, F(;), and the efficient subset of the production possibility frontier, 
EffF(;). These inclusive subsets are defined as F(;) := { [x,y]  ; such that [Ox,O–1y]  ; for O [0,1] } and 
EffF(;) := { [x,y]  ; such that x0  x & y  y0  [x0,y0]  ; }, satisfying EffF(;)  F(;). Production activities 
that are elements of F(;) are called (Debreu-Farrell or weak) technically efficient, and those contained in EffF(;) 
are designated Pareto-Koopmans (or strong) technically efficient. The former subset defines the subset of ; that 
arises through simultaneous radial expansions of outputs and contractions of inputs and does not exclude a 
possibility of non-radial improvements in either inputs or outputs. In the latter case, it is not possible to decrease 
none of the inputs without affecting some of the outputs or increasing some of the other inputs, and simultaneously, 
it is not possible to increase none of the outputs without employing more inputs or without worsening the other 
outputs. Notwithstanding the frontier notion applied, measuring technical efficiency consists of two conceptually 
different steps. In the first step, a production activity is, if necessary, made technically efficient and projected either 
on to F(;) or on to EffF(;). In the second step, its distance is measured with respect to the projected position on 
F(;) or EffF(;) and the resulting distance then captures the magnitude of technical (in)efficiency in terms of Debreu 
and Farrell or Pareto and Koopmans, according to whether F(;) or EffF(;) is applied as a reference. 
In the line of Debreu (1951) and Farrell (1957) it is customary to base technical efficiency investigations in 
banking upon the radial notion of proportionate changes in inputs or outputs or both and connect technical efficiency 
to F(;) solely. Usually, as follows from Paradi and Zhu (2013, pp. 70-77), the authors resort to using orientated 
radial technical efficiency measures (i.e. Debreu-Farrell technical efficiency measures) that measure a maximum 
attainable contraction of inputs or maximum attainable expansion of outputs of production activities projected on to 
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F(;). The input-orientated and output-orientated Debreu-Farrell technical efficiency measures for a production 
activity [x,y]  ; are defined by means of the expressions DFI(x,y) := min{ O t 0 | [Ox,y]  ; } and 
DFO(x,y) = (max{ O t 1 | [x,Oy]  ; })–1, respectively. It may be easily shown that both [DFI(x,y)x,y]  F(;) and 
[x,(DFO(x,y))–1y]  F(;) and that DFI(x,y)  [0,1] as well as DFO(x,y)  [0,1]. The value of one indicates the status 
of Debreu-Farrell technical efficiency in production. However, there are two deficiencies associated with this 
approach, though somewhat ameliorated in practical DEA applications when used in a two-stage optimization 
framework. One essential drawback is that these measures are orientated and thus not general. They are suitable for 
cases when it is desirable to economize on inputs (the input-orientated version are then favoured) or appropriate to 
influence outputs (output-orientated version is preferred), and technical efficiency measurement is interlinked with 
the purpose of managerial support and procedural guidance as to what to do in order to enhance technical efficiency. 
Another outlook is that these measures are applicable under a behavioural assumption of constrained cost 
minimization (input-orientation) or revenue maximization (output-orientation). Still, this directional approach is not 
applicable in more general situations, which gave an impetus to generalization as performed by Färe et al. (1985) 
who – building on the Debreu-Farrell tradition – introduced a hyperbolic Debreu-Farrell measure of technical 
efficiency, which removes the problem of orientation choice. This measure derives from simultaneous radial 
improving (i.e. decreasing) inputs and bettering (i.e. increasing) outputs, which is criterion for projecting a 
production activity on to F(;). The hyperbolic Debreu-Farrell technical efficiency measure for a production activity 
[x,y]  ; is therefore set-up through DFH(x,y) := min{ O t 0 | [Ox,O–1y]  ; }. The properties of these measures are 
examined in detail in Färe et al. (1985, pp. 110-112) and of note here is only the scaling projection property 
[DFH(x,y)x, (DFH(x,y))–1y]  F(;) and clearly DFH(x,y)  [0,1], in which unity suggest Debreu-Farrell technical 
efficiency. The geometric connotations of projections on to F(;) as embodied in the Debreu-Farrell technical 
efficiency framework are displayed in Fig. 1 for a single-input and single-output case. The left-hand part of Fig. 1 
displays a theoretical production possibility frontier F(;) (which now incidentally coincides with EffF(;)) that 
demarks attainable production activities (beneath) from non-producible production activities (above). Production 
activity A is technically efficient neither in the sense of Debreu and Farrell nor in the treatment of Pareto and 
Koopmans. In order to measure its technical efficiency, it must be projected onto the production possibility frontier 
F(;). If an output orientation is opted for, then A is projected into B (insomuch as only outputs are increased at a 
fixed level of inputs) and the technical efficiency is given by the distance between A and B. Similarly, if the choice 
is made in favour of an input orientation, then the respective projection is into C (whilst only inputs are decreased for 
the unchanged production of outputs) and the technical efficiency is derived from the distance of A from C. In the 
case of hyperbolic projection, A is projected B alongside the hyperbolic curve which is the result of concurrent 
expanding outputs and contracting inputs by the same proportion. This proportion then yields the associated measure 
of technical efficiency.  
When applied in a DEA context, the unknown production technology must be estimated in an envelopment 
manner by means of the data observed on several production activities. The hyperbolic Debreu-Farrell technical 
efficiency measure for a production activity o out of n observed production activities represented by the data set 
1{[ , ]}i ni i i  x y  is estimated with respect to the (estimate of) empirical technology under variable returns to scale 
(VRTS). Frequently, for the sake of comparison or for the purpose of scale efficiency investigation, this estimation 
is conducted with respect to the (estimate of) benchmark technology stipulating constant returns to scale (CRTS). 
However, benchmark technology represents ideal conditions of production process and is in most cases sort of 
artificial.1 The VRTS assumption incorporated in estimation of production technology means that the estimated 
production frontier is made up of subsets of production activities displaying constant returns to scale, decreasing 
returns to scale or increasing returns to scale. Furthermore, this assumption also encompasses the situation of CRTS 
 
 
1 The reason why there is abundant faith put in the CRTS conditions of production operations is double. On the one hand, the popularity of 
CRTS follows from the fact that production conducted in a perfectly competitive environment with CRTS displays constant long-run average 
costs. On the other hand, CRTS implies a tractable and convenient analytical apparatus that allows ease of demonstration. In many ways, 
microeconomic analysis of production derives from, and bases on, the CRTS postulate. Therein lies the explanation as to why the attribute 
"benchmark" is used in this context. 
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and – first and foremost – there is no reservation that production activities located on the production frontier must 
needs display CRTS, which is unrealistic and restrictive for practical applications.  
Using the assumption of VRTS and relating to the empirical technology, the hyperbolic Debreu-Farrell technical 
efficiency measure eHDF ( , )o ox y  for the production activity [xo,yo] is estimated by solving the optimization problem 
with nonlinear inequality restrictions 
 
^ `e 1H 1 1 1DF ( , ) min Ȝ 0 | { } Ȝ , { } Ȝ , , { } 1 ,i n i n i no o i i o i i o ii i i       t d t t  ¦ ¦ ¦x y ȗ x x ȗ y y ȗ 0 ȗ   (1) 
in which ȗ  is an n-dimensional vector with intensity variables with a typical, i-th, element { }iȗ . The production 
possibility set is constructed throughout the conditions of program (1) as a convex linear combination of observed 
production activities so that it also includes production activities that are worse (i.e. with higher inputs or lower 
outputs) that the observed ones. This is seen in the graph positioned in the right-hand side of Fig. 1, which 
represents an observational variant of the left-hand version used formerly. Production activities F, G and H outline 
the envelopment of all the (other) observed production activities and this envelopment includes all production 
activities that emerge as linear convex combinations of the observed production activities or which are worse. The 
boundary of this envelopment that goes through F, G and H then forms an empirical technology estimate of the 
production frontier. Production activity A is projected in (1) on to the production frontier estimated with respect to 
empirical technology into the segment line delimited by G and H, viz., more precisely, to point D. 
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Fig. 1. Projections on to the production possibility frontier with theoretical production and estimated production technology 
Depending on the shape of the estimated production frontier, the production activity projected either by (1) need 
not be technically efficient in the sense of Pareto and Koopmans and there may be some opportunity left for non-
radial improvements on some inputs or outputs, without affecting the other (projected) production variables. Taking 
the optimal solution of (1) to be O*, the radial improvements of inputs and outputs necessary to achieve technical 
efficiency through projection on to the estimated production frontier, viz. input and output slacks, are identified 
within (1) and for the production activity [xo,yo] are  Rxs  = (1 – O*) xo and Rys  = ((O*)–1 – 1)  yo, respectively. The 
additional non-radial improvements, or slacks, are identified in the second stage as a solution of an additional DEA 
program. These non-radial slacks, Nxs  and Nys , present in the situation of empirical technology corresponding to (1) 
result as a solution to the program 
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As a matter of fact, the radial approach exposited hitherto fails to recognize the occurrence of non-radial slacks 
and their magnitudes do not enter the value of efficiency measure. A more general measure of technical efficiency is 
needful, and one possibility is to employ the measure accounting for the occurrence of non-radial slacks in (1) that 
Ray (2004, pp. 123-126) describes as the Pareto-Koopmans measure or Tone (2001) calls the slacks-based measure. 
Usually this measure is estimated by dint of a programming approach as in (1), in which such a projection on to the 
estimated production frontier is sought that delivers the least favourable value of this measure. Here in this paper, a 
specific program is not run to compute this measure, rather the results of the two-stage utilization of (1) with (2) are 
employed for the sake of convenience and in order to make the resultant technical efficiency measures comparable 
and compatible. Running a separate program to obtain an estimate of the Pareto-Koopmans measure of technical 
efficiency might lead to a different projection on to the production frontier and would invalidate a mutual 
comparison with the corresponding hyperbolic Debreu-Farrell efficiency measure.  
The total slacks for the production activity [xo,yo] yielded by (1) and (2) are R N x x xs s s  on the input side and 
R N y y ys s s  on the output side of the production process. While the radial slacks, Rxs  and Rys , instruct on the 
magnitude of input and output improvements required to make the production activity in question efficient with 
regard to the Debreu-Farrell definition of technical efficiency, the total slacks, xs  and ys , quantify all the 
improvement of inputs and outputs necessary to make this production activity efficient in compliance with the 
Pareto-Koopmans characterization of technical efficiency. These total slacks then suggest the vector of total input 
contractions, : ( )o o  yxș x s x , and the vector of total output expansions, : ( )o o  yyȘ y s y . Speaking in terms of 
theoretic construction, if ș  and Ș  are the (identified or ‘smallest’) vectors of input contractions and output 
expansions, respectively, that are required to project the production activity [x,y]  ; on to the efficient subset of 
the production frontier so that it holds that [ , ]ș x Ș y   EffF(;), then the corresponding Pareto-Koopmans 
technical efficiency measure is defined as PK( , ) : ( / ) /( / )m sc c x y 1 ș 1 Ș . This measure simply takes a ratio of the 
average input contractions / mc1 ș  and the average output contractions / sc1 Ș  and it can be easily demonstrated that 
also PK(x,y)  [0,1]. The upper bound of this interval is attained only if there are zero slacks on both the input and 
output side and the evaluated production activity is Pareto-Koopmans technically efficient. When applied in 
empirical situations, this measure of technical efficiency is calculated from empirically observed slacks and may be 
appended by a superscript in order to show that it is computed from empirically estimated values. There is a special 
optimization program developed for estimation of this measure from data on observed production activities (cf. e.g. 
Ray, 2004, pp. 124-126, or Tone, 2001). None the less, as was mentioned afore, it is not imperative to use slacks 
obtained exclusively in this manner, but in fact any slacks identified in an appropriate fashion may be utilized that 
make sure that the resulting projected production activity is technically efficient in the sense of Pareto and 
Koopmans. This is not inconsistency of methodology as the programs formulated in Ray (2004) or Tone (2001) 
select just one of possible projections (to be more precise the least favourable one in view of the calculated measure) 
and there are usually several (infinitely many) projections possible on the efficient subset of the (estimated) 
production frontier. A meaningful comparison of the Debreu-Farrell measure and the Pareto-Koopmans measure 
calls for using exactly the same slacks. As the preference of many DEA practitioners directs to radial (though even 
possibly orientated) measures, the paper employs total slacks associated with estimation of the Debreu-Farrell 
technical efficiency measure and converts them into values of the Pareto-Koopmans technical efficiency measure. 
Using identical slacks warrants comparability and allows to demonstrates clearly that non-radiality does matter. 
The comparison is done in the next section and is presented alongside comments and discussion. Yet, before this 
comparison it must be investigated whether these two measures of technical efficiency are comparable at all. 
Consider that a production activity has a Debreu-Farrrel technical efficiency score of O (with O  (0,1]). In the 
absence of non-radial slacks, the average input contraction is thus O and the average output expansion is O–1, which 
yields that the Pareto-Koopmans technical efficiency score is O/(O–1) = O2 (again O2  (0,1]). With non-radial slacks, 
this value is even lower than O2. This suggest a procedure for making comparisons of Debreu-Farrell efficiencies 
and Pareto-Koopmans efficiencies legitimate: one must take the square root of the Pareto-Koopmans technical 
efficiency measure to render it directly comparable with the Debreu-Farrell measure. If there are no non-radial 
slacks present, the same score is obtained, but if non-radial slacks occur, the Pareto-Koopmans score is lower. 
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4. Empirical demonstration and results 
The case study that is used in the comparison relates to a commercial bank that has been in banking business for 
more than 20 years and that is one of the largest Slovak commercial banks. Due to its long history dating to the 
previous political regime and competitive ambitions, it has established over the years a dense network of branches 
and takes an about 20 % share on the Slovak banking market. The branches of the bank are classified into four 
distinct categories of branch types and graded according to both their territorial scope and the extent of competences 
that they assume. Over the past several years, the number of branches has become constant at 197 branches, and this 
paper uses the production data for these branches pertaining to the year 2014. Out of these branches, 19 are with the 
status ‘RP I’ (retail branch category I), 48 are classified as ‘RP II’ (retail branch category II), 117 have the status 
‘RP III’ (retail branch category III), and – lastly – the status of 13 bank branches is ‘RP IV’ (retail branch category 
IV). Each status represents a different branch type (but again, this is with respect to territory and competences). 
Two inputs and three outputs are recognized under the production approach. The resources of the bank branch 
production process are represented by labour force represented by the number of employees (measured in yearly 
average full-time equivalents). Labour force is split into two categories of bank branch employees: (i) those who 
carry out managerial functions (managers) and (ii) typical bank branch employees who carry out typical business 
tasks and/or service contact with customers (bank clerks, sellers and administrative employees). Even though this 
distinction is made in estimating the technical efficiency measures and in calculations, in the presentation of results 
to conserve space these two categories are merged. The three output variables represent the extent of banking 
services: the volume of deposits, the volume of loans and the volume of mutual fund shares. While the first output 
variable refers to all deposits taken and kept for retail customers, the second output comprises all loans made and 
kept for this category of customers. Both these outputs arise in the fulfilment of traditional depository and creditory 
functions of commercial banks in contrast to the third output which is related to an intermediating function of 
banking services provision. As part of its intermediation business, the bank also sells mutual fund shares of its sister 
company dealing in asset management. The volume of mutual fund shares intermediated, sold and kept represent the 
third output of the bank branch production process as performed in the bank. The selection of these variables was 
based on the particular choice of bank managers who thereby expressed the functions of bank branches in 
production of banking services. Both the input and output variables are at the command of the bank branch manager 
who organizes and allocates labour into the production of individual employees. The physical capital (equipment 
and inventory) as well as the environmental conditions are outside the control of the bank branch manager and are 
not taken under advisement in this study. In consequence, measuring technical efficiency of branches in this case is 
actually measuring technical efficiency of their bank branch managers. 
In summary, the data set covers 197 cases of bank branches with two inputs and three outputs. The data reflect 
the four distinct categories of bank branches (the ‘RP I’ class shows the highest values, whereas the ‘RP IV’ class is 
with the smallest values) and there are no anomalies and upon checking no outliers. Although there are four 
separable groups of production activities distinguishable (in terms of both magnitude and scope of activities), they 
are treated as one homogeneous group. This is equal treatment is also facilitated by the fact that they implement the 
same corporate strategy and follow the same standards of performance and quality. 
All computations were performed in program R (R Core Team, 2013) using the codes compiled by the authors or 
using functionalities included in the Benchmarking package (Bogetoft and Otto, 2014). 
The results are condensed into the graphs in Fig. 2 to 4. First of the figures, Fig. 2, juxtaposes the distribution of 
the computed estimates of the Farrell-Debreu technical efficiency scores for individual branches and the distribution 
of their Pareto-Koopmans counterparts. The procedure for making the comparison of the Farrell-Debreu measure 
and the Pareto-Koopmans measure proposed at the end of the previous section is not followed in these graphs yet. 
Efficiency scores are divided into a total of eleven classes made up of ten non-overlapping intervals of length 0.10 
and a special unity class as exhibited on the horizontal axes of the two graphs. For each branch type the frequency of 
efficiency cases (represented by the number of branches) falling into the respective classes of technical efficiency 
scores is determined and indicated by a horizontal bar. This graphical presentation reveals that the number of 
identified technically efficient branches in the four branch type categories is almost identical (although the 
proportions of branch types differ) notwithstanding whether the radial Debreu-Farrell or non-radial Pareto-
Koopmans variant of technical efficiency measure is considered. The fact that both measures point to almost the 
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same number of technically efficient branches in each branch type category implies that there are no non-radial 
inefficiencies and non-radial slacks are zero. Naturally, this statement does not hold for branches identified as 
technically inefficient. Nevertheless, a plain difference emerges in the distribution of efficiency scores for branches 
which were found technically inefficient with either measure (or rather, radially as well as non-radially). For these 
inefficient branches, Debreu-Farrell efficiency scores (typically between 0.5 and 1) are much higher and less 
dispersed than Pareto-Koopmans efficiencies (typically scattered between 0.2 and 0.9). The location, dispersion and 
skewness of the distribution of these two measures for technically inefficient branches indicate that the Debreu-
Farrell approach yields optically more optimistic efficiency scores; yet when non-radial slacks are accommodated in 
the Pareto-Koopmans variant of efficiency measure, lower values are obtained and a more critical assessment is the 
result. This comes with a caveat that these two graphs do not exhibit directly comparable efficiency scores. 
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Fig. 2. The distribution of radial and non-radial efficiency scores amongst branch types 
The proposal as to how Pareto-Koopmans technical efficiency scores should be adjusted for comparability (by 
taking their square roots) is put to practice in Fig. 3. Similarly as in Fig. 2, but now without recognition of branch 
types and with enforced comparability, the left-hand side of Fig. 3 contrasts for the two efficiency measures the total 
distribution of technical efficiency scores with respect to the eleven efficiency classes dividing the interval [0,1]. 
The right-hand side of Fig. 3 plots adjusted Pareto-Koopmans efficiency scores against Debreu-Farrell efficiency 
scores. Those 71 squares which lie in the vicinity of the identity line (upon or closely beneath it) indicate that 
projections of respective branches behave radially and are short of non-radial slacks, in which case these two 
technical efficiency measures produce identical scores. On the other hand, there are totally 126 branches for which 
technical efficiency scores between the two efficiency measures are in disagreement. The squares of these branches 
on the scatter-plot of Fig. 3 create a dissipation of moon-like shape signifying that for them adjusted (for 
comparability) Pareto-Koopmans efficiency scores differs downwards from corresponding Debreu-Farrell efficiency 
scores and that there are non-radial projections with non-radial slacks at play. In such cases, the mean difference is 
0.069, in about one half of these cases the difference is greater than 0.060 and in about one quarter of them the 
difference constitutes more than 0.093 (the largest difference is 0.239). The consequence is that the existence of 
non-radial slacks may not be sufficiently fully reflected in the Debreu-Farrell efficiency measure and that his 
measure in fact undervalues the true inefficiency (here the prefix ‘in’ is crucial as this happens only with technically 
inefficient production activities). This only reaffirms the fact that consideration of non-radial slacks may change the 
outcome of efficiency measurement. 
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Fig. 3. The distribution of efficiency scores and the relationship between radial and non-radial efficiency scores (adjusted for comparison) 
The last of the trio, Fig. 4, gives an insight into the causes of the differences between Debreu-Farrell efficiency 
scores and Pareto-Koopmans efficiency scores as displayed in the previous figures. Now Fig. 4 exhibits differences 
between radial slacks and total slacks. Radial slacks are identified by solving task (1) and total slacks incorporate 
also non-radial slacks that come as a result of solving task (2). Non-radial slacks are captured only by the Pareto-
Koopmans efficiency measure as opposed to the hyperbolic Debreu-Farrel efficiency measure. The right-hand side 
of Fig. 4 compares for the four branch types the average percentual non-radial and total slacks (slack expressed 
relative to original inputs or outputs). The discrepancy between them explains the differences between Debreu-
Farrell and Pareto-Koopmans efficiency scores. Naturally, average total slacks are greater than (or theoretically 
equal to) average radial slacks. As far as the input side is considered, there are not manifest differences between 
these two summary quantities, the most outstanding difference is only with branches of the RB II type. This informs 
that the input side is not the underlying cause for notable differences between the Debreu-Farrell and Pareto-
Koopmans efficiency measures. Small differences between average radial and total slacks appear also in the output 
side for deposits, but differences for the other two output variables cannot be depicted as negligible (almost for each 
of the four branch types). This is suggestive that the source of non-radiality is with loans and intermediated mutual 
fund shares. Due to the existence of this difference, the Debreu-Farrell efficiency measure yields deceptively lower 
technical efficiency scores than the Pareto-Koopmans efficiency measure does. In addition, the differences between 
average percentual radial slacks and average percentual total slacks on the input side and the output side plotted for 
individual branches on the right-hand side of Fig. 4. The two scatter-plots shown on this side of Fig. 4 are 
constructed for the numerator and the denominator of the definition ratio of the Pareto-Koopmans efficiency 
measure (and they correspond to the input side and the output side of the production process, respectively). The 
upward scatter signalizes differences for these sides of bank branch production. These differences are more 
pronounced and notable for the output side as was remarked some moment ago. 
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Fig. 4. The average percentual slacks for individual branch types and the relationship between radial and non-radial slacks 
5. Conclusion 
It follows from the essence of ever-changing processes of banking production that bank managers must exert 
much effort in order to retain or improve efficiency of the bank and all its units. Their attention must be particularly 
and chiefly directed to individual branches which contribute heavily by their performance and efficiency – being 
points of sale and contact with customers – to overall success of the commercial bank. This observation is reflected 
fully in the paper, which represents an output of research activities focused upon multi-criteria assessment and 
efficiency-based benchmarking carried out for branches of one of the largest commercial banks in the Slovak 
Republic. The attention of the paper, however, is confined only to the issues of technical efficiency measurement 
and is deflected to the question of selecting a measure most comprehensive and informative. Therefore, building on 
the theoretical discourse of non-oriented radial and non-radial measures of technical efficiency, the paper defends, 
encourages and upholds the use of non-radial measures as opposed to radial ones. The preference of radial technical 
efficiency measures, and even possibly orientated ones, that are used by default in practical applications is strange 
matter, and this is exacerbated by the inherent disposition of radial measures to ignore slacks of a non-radial nature. 
Yet, non-radial slacks are both not impossible to arise, but there are no reasons that they are a rarity. The paper 
demonstrates this point in an case study of investigating the technical efficiency of the branches of the Slovak 
commercial bank in question, which shows that differences appear and are material. In effect, it is directly shown 
that radial measures do underestimate technical inefficiency in some cases and may deceive managers to a more 
optimistic and positive view of the true efficiency situation.  
The methodological value added of the paper is acknowledgeable in two aspects. On the one hand, the paper 
indicates and identifies the difference that emerges between radial and non-radial measures of technical efficiency 
applied in the DEA framework and that is relevant from a practical point of view. On the other hand, it provides a 
justification for the choice of a specific DEA model suitable for technical efficiency measurement of bank branches.  
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